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Study on the seismic behavior of concrete-filled square steel tubular frame-thin
steel plate shear wall with openings
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Abstract: In order to study the seismic behavior of the concrete-filled square steel tubular frame(CFSST)-thin steel shear plate
walls(SPSWs) with openings, four one-third scaled one-bay and two-story CFSST-SPSWs specimens were designed for quasi-static
experiments. The SPSWs of specimens were with middle openings, one side opening, two side openings and with no opening, sepa-
rately. The influences of opening on the seismic behavior of SPSWs were investigated for CFSST-SPSWs, which were compared
with the CFSST-SPSWs without opening. The hysteretic loops, skeleton curves, the load and displacement values for different load-
ing stages and seismic behavior index were obtained. The failure characteristic, ductility, energy dissipation capacity, load bearing
and stiffness degradation were studied. The results show that the post-buckling strength of the SPSWs of four specimens is devel-
oped. All the specimens have stable hysteretic behavior, good ductility and stable load bearing capacity degradation. The SPSWs
with middle openings are divided into small zone with smaller width-to-thickness ratio by stiffeners. The energy dissipation capacity
of the SPSWs with middle openings is better than the others’. The load bearing capacity of SPSW with one side and two side open-
ing is affected by the weld tearing of the stiffeners surrounding the openings. The openings of the SPSWs decrease the load bearing
capacity and lateral stiffness, but improve the energy dissipation. The strength, stiffness and the connection of the stiffeners sur-
rounding the openings should be adequate in developing the tension field.

Key words: concrete-filled square steel tubular frame; steel plate shear wall with opening; seismic behavior; experimental study
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Tab.1 Mechanical properties of steel

M) JRIRSRIE pipism HEEBURE e

/mm fy/N'mm'2 f/N'mm? /x10°N-mm? /%

3(2.89) 334.43 484.60 2.16 34.01

6(5.43) 310.14 456.03 2.14 36.67
10(9.89) 282.46 430.14 2.05 39.09
12(11.92) 271.81 438.45 1.98 44.09




55 1

ek, S Ji B TREE L AESR N BT IR B 89 ) S PR A A 5T 683

1.3 KB RMEHIE
131 AR%EE

R E M E2AR . P T T I0AE
J7 445 T % 1 A: T iN400 KNS ) fif . T+ T
TR AR B X 5 ) B . KRR
T HAN1 000 KN MTS H i ] AR PRI AE B0 25 1t
YERhas—uin 5 R s, 5 —ui5 ik sa i
M. KN 43 Be 3 RT S I ANAEE 2 #5 R 25
2, B R R . HEZR AR I 5 B R A
AR ¥, B IR A SRR

\ hE \

Ko )

(b) RIS HL i
B2 RWKRE

Fig.2 Test set-up

1.3.2 kPl

7 P A2 70 SR AT - (R R A 2 1 T
HEN . R AR RTAT R 400 KNRfAER
TN 100 KN, 400 KN J5 43 i £ 444 R 50
kN, I EE R RP,, FREERE . JERE A
R, VABIRALR A, W5 50 A ot
B, FERAEERIME . EH MR . MRS
HIEW, RifhRIA.

g4 (27

(c) WAL HE

e
o>

T —————
-5

25 4,
FAEDTER | RIS ER 2.0 4,

st
Akt

3 fnEElE
Fig.3 Loading system

Bl

133 JpifidE

PEREVERI RIS A B4R R . TR W 55
i B IR RE150 mmPYRLEE T, 2 i i 45 A B
IANEFE R+100 mm g RLEE T . J7 R AU IE
RO i W ISR A B A AR, B BN R E Y
s AAREEH R AR DL R H A ) SR AL R
T BN A AEFI A F

=] [n]e N 31y e — 2 N —
"
|7 N 728 ISR
[~ <« 4'[: :JT‘
\ \ S
N

| | > <||
|~ ~ I .

B 4

U Y (1Y% INET, [ = a AnY =
5 < T
| ¥ < | l: :J“

‘ ‘ i ~
\ Y \ e ‘I
(I < I <
B A
o =N e S::SEF
=N L Nips| 8 = o +
"
ALY ALY
LN LN e e
b) SPSW-CO
(a) SPSW-BS ®) )

FEEE I A N L= = v N 31y
i "
7 i |
[ | <
s \ N \

\ \ \ \

> < I~ <

‘& 4\11 ‘IL J‘
=]k [Ny R — =] e I [

7] i |

Iy <l | ~ |

[y \ N \

\ \ \ \

> <« (1 <

‘§ _\11 ‘z J‘
—y :E" ] D{ [y [N S M S 1 5{ [y
LN LN LN LN

(c) SPSW-SO
B4 fMBIHFMNETRHE

Fig.4 Arrangement of displacement gauges and
strain gauges

(d) SPSW-BSO

1.4 RIWIK
1.4.1 ikf:SPSW-BS

A SPSW-BS— - 280 AR 355 1 1) i v 1S
45143 mm. 5 mm.

SPERT B : IR f 3300 KNI, 7 ZHAR 52
AMUNEAMETE, Rk EmAe LRk, E
] 1 28400 kKNBF, — 2tk ZE EJmik, Sk
s “PRIRAEORE” . R A 3400 kKNBF, )2
MR A LJER . B f7E450 kKNEF, —2
Ak R A AR A BRI, R AR



684 o o# R R R ¥ il (ARRAR)

548

AR, RIAfE450 KNBf, Z290HREE4A B2
ZRXA%IEMR. ERFTES500 KNE, FHZHRREE
BxTfamh, JERBT) A

SRMAMERY B . IR A 32550 KNI, fif #k-A08% ih
& B BT, BURIRALREA 16 mm, JhE
— RN AMETE 4 5 8 mmy 17 mm. —
ERBEREMES (a) Biw. MB15AR, 72
FERIAMMARES il . ALEE2.04, 88, — 24ARBE A b
FFAWNDN G AR, REKEL25 mm (B
5b) . fLRE2.5A M, —BEAE DY AHRER, —
J22e M f FRAR b3 S AERE SR AR L (B5e) , —
RS E AN FE 4 B 44 mmy 30 mm. fiFE
3.04,8F, AHAEREISMIEREE i .

=

...‘;.ﬂ i "\J. ,_a'k/!

() MR JEXT

El5 SPSW-BSIXIGIIR
Fig.5 Test phenomena of SPSW-BS

WBRBT B : AL 3.54, Bkl 2]EME, 1ER
Ji T R 24> Bk 724.81 kN —735.37 kN. Hrigt
ACHERERERT R (] 5d) . ik 4.04, B, ARBEFE
B GVE R P . BEENEIKR, WEMARSE
Wk 2R, RERKERHHK (B 5e) . fif
454, 0F, BHHARES M. A 6.04, B, £
WAL (B 5F) . AL 6.54, 7K F-far 2k
FEAA T 85%, IRINLEH . BABIFEEWE
5(g).
1.42  i&ff SPSW-CO

Wk SPSW-CO — Z JZHRAR 35 91 4k 1h AP T
ArBkh 6 mms 2 mm.

PP BE: IERfTER 300 kKN B, —2HRRkEE
T O 22 XA A2 R R . #E M 400~450 KN 3f
FEd, WS IS ARG S JE R . 450 KN B
VR DA A O\ W

HAPERTBE: IR AT 500 kN B, #f#-AiE
i IR B HE T, BURIRGLEEA, K 16 mm, i
B — RS R K EIMEE AR 9 mm, 7
mm, B 5 R R AR P A PRI . AL
B 154, BRI SE T, I 0 AR AR5 ™
HE M, {5 45° JFREEUE R (B 6a) , Ap
WHTERHL . 58 ZARIRIE M SE Rt , B2k
FERIAL AN AT R GRS S:, A AR AMIIER &
BN . 5 T AEER R A ST, AR R A
i .

BRI B : AR 2.04, SB—1EIR, fif #ik 3l

8, ERITIEKRME BN 593.56 kKN —545.15
KN, B 2 AR S B K AME YR 14 mm. fif
% 3.04, b, — 2O AR w5 R FRE%
RGP AL (B ob) , —EMMREROA AKX
WRMUR M . TR SHESE N R, HEZRE
WHmENIERIZZ Ty, % ZARIRIER I, — Z R ™
wAE (& 6c) , —ZHIMIEEIE O AM XA A
Wi, R R TSR, WH
Wb RIEARAERY DA T AT (B 6d) . hifs
4.04, B, — B0 BRI 1 A0 XA o A5 A AL
Z4 (B 6e) . fik8 5.04, I, K PH#A 444.95 kN,
BRI EE . AT PR b A R R 4 2 o8 4
iR (B of) . HFHEZRAEZ EE i e 7= 4 45
B, SE—REEREREAD, —BEMREZE, Mk
EESTILF /R R TR . BABRERILE 6(g).



55 [

SJund, S Ji B TREE SRS BT IR B 8T ) S R PR I ST 685

(d) FEAHER

(2) ImaHGJExt b

El6 SPSW-CORIEINS
Fig.6 Test phenomena of SPSW-CO

1.4.3 &fESPSW-SO

R AESPSW-SO— Z 2 AR 355 1) ha vl 1S T 7
B2%5 mms 3 mm.

PPERT B IEI) 52300 kKNI, — EE0 R
w4 Rk, RO R BAER. R
[ fif 2300 KNI, X A L AL RS Jee Al . 2 ) 4 2%
400 kKNI, AHFEFERIMURE ER, — Z2Mik
WA ERA TN A%ER.

SESPERT B : TR 32450 kKNI, fif k-0 th
& B BT, BUBIRALREA K24 mm,
— Z RS NS B 43 50420 mms 16 mm. i
% 1.04, 17 — E RN AR AR 35 B0 B4 R 18] A A
5, —EHEWRE S R ERE IR R L
#2.04, 56— 2 T B R AR A w2 R ih, AaRERS

(2) MEHTEXF L

Bl7 SPSW-SOIEINR
Fig.7 Test phenomena of SPSW-SO

JRIE ERGIRGEMER . FER HAHEREE A ) 1
RAT, ZEMEMNE S TR T/ REGR (B
7(a)) , AAEEAEBEMEG . ZEWBOSA LA
MALTT R (E7(0b) , SRzemE A
R AV s

W PRFBE: ALRS2.54, I IR FIEAE , IE Ry
] f R 20 A 516.48 kKN —479.08 kN, JEHf—-
TR AMETE 4510540 mmy 38 mm. B
TEIMLREHER, R SHESRIREEREL, DR
BOm AR PR IRE NGRS R, AR EHER
TREEWEUE, RN BER T ER (B7() , BT
HAR - HERGE PR 58 K R W, 7R SZIKP1f
AR T AR 2 9800 , IR AR B R R AL



686 o # R R R ¥ E il (ARRANR)

548

2.5, 55— FRER R A AR, HhiRAeuh BB EAbAE
BEH A (B7(d) . B _IRIFIERMEE, —J2H
WA OER. B=EEIRE RN, — B
FLiR (Bl7(e) . SE=IBIRR MR, Hih
i RS GHEEIRGER. ALRE3.54, I, TK-FAiEk
41425 kN, BEZIEEMESS%AT, — EHNIR
T T B ARG ARG AR S (B
7(0) , iffum FREGSHEREER. (4.0
ASEZAEIR, AR, BRAHIRESLET(2).
1.44 RfESPSW-BSO

RESPSW-BSO— - 25 A4 4 s vl M2
435143 mms 5 mm.

FMERYBE: IR f73R200 KNB, 2SR
RAEMUNEAINETE, Z MRS EEA TN
FZJENR . IR #72300 kKNI, — 240 JE e,
— AR JE W B3 A, B IR
i #5350 KNB,  ZcAEAE BAVER A SM JE R .

PAWIRERAY BE 1 1) 1 2400 KNI, fif dk-fi i h
LI BT, BUBIRALEA 20 mm,
— ZREMRESEAME T4 315 mmy 16 mm.
7] 52400 KNB}, FAAEHSMURNE JEIR. 1.5440608
B, — 22NN T G5 R LR R s 2R

(E18(a)) , [F] I AR <R f FEAR 5 Rt E B AR AL

IR BRR B, : SLRE2.04 0, faf Ik BEAE, 1ER
J5 T K 34 B 468 KN\ —444 kN. JLHEf—.
TR B R AN FE 43 5 A 24 mms 29 mm. A2
FEAEA RSl . — 2 T RS R A MR gE = AR R
g, WO ALHR R RS 2R, IR AT R
AT, A ERSG GHEEREN R (B8(b)) . AL
B2.540F, AAAEEHINE, KRR ERE ETY
50 mmAb A AERIDU B, — 2 T AR P S
PRREE IR (EI8(c)) . 3.0440 %0, 1E
T KPR 34 91°A402.7 kNN —377.8 kN, &k
WA #85%. JEit, — —JREAR IS R m A
45 A34 mmy 37 mm. w5 AR
PRaEr= R REL, — BPRES T E A R AL E R

(EI8(d) , ZEZmimshiy b5 TR F R’ 8
AR, MRS TR T RS ES%ED wi
R ALE3.5A M 1E R J5 18] 7K F-faf 2k 43 731 41361.5 kN,
3433 kN, RIEEH. REWIRESIIES(e).

2 WEERDH

2.1 H[EfhZ%
7 ]y 2 K A AN R A S A A BT 1 A
-, BRI T SMMTiEERE, i

(&) —EMtn A

(e) JMELRTFEXT bb

B8 SPSW-BSOIEINKR
Fig.8 Test phenomena of SPSW-BSO

/

777 /f/' 77
i
Uit
sz

7

-800
-120 -80 -40 0 40 80 120

A/mm A/mm

(a) SPSW-BS (b) SPSW-CO

-8
2120 80 40 0 40 80 120 2120 80 40 0 40 80 120
A/mm A/mm

(c) SPSW-SO (d) SPSW-BSO
E9 iHEIL%

Fig.9 Hysteretic curves
SRS 3 Wi B A B IR I
i 2 G E 9B A -

KPR B VB A, XA SPSW-BSHiz [ 35 2
RIE. BENIBAERIBUG, BB, #Hm
i B EgE, BRSHE. PAEEARFEERE: E
1) 038 e S0 AR 357 o o JEE B ) 3, BB R D



554

SJund, S Ji B TREE SRS BT IR B 8T ) S R PR I ST

687

B, BB PRI, TERUR MR,
IPk P 7K 7 e 2 B R A VR T HE R AR

5Kk SPSW-BSH kb, i SPSW-COT 1 &
ISR TR F 2B SRR, AR YR L
AN, B, RS HERRIRIRERR, S5 HPUKFo
#. FEk, R SPSW-CORY ] il Ze A iR A J Al i
K& AN ERAA, HJEWRE R F LR
SPSW-BSTEHI . IEfE ik A f5, K SPSW-CO
BRI IR ERE (EO9b)) . BEEMBIK, #F
EN R BT I S BN S T

A SPSW-SOK - 1af 5 B IEAE ) , R 7K
FH At 3R DD, AESRFE B AT R, IE T
REZEREIR . el Ml fh 26 i ff 88 R RE B, KMk
SPSW-BS iy 7K ~F-faf #k 32 22 f AN Al Bk Ak 4L, g £k
SPSW-SOF L HHESL A&+, H b, KfkSPSW-SO
T REB A BN TR SPSW-BS,  fif gk TR

R SPSW-BSO [y 7 7] #h 2k 5 & £ SPSW-SO
FHABL, KP4 308 B 6 ME 5 FRER . K4
SPSW-BSORH T WA S ER, BAWH
KACHE B i ) B R HEZRAT: R BRI R (B IRI R
KT Bt B B RETT, RN A A R m S i
REEL P ) iRt 2 A 1 . Bk, i SPSW-BSO
AR KTF X SPSW-BS.
2.2 BHZRhZ

5 5 o 4 2 B RN R 5 — IR B K - i % I
R ES, R T 21 5B AR B
BER AR, IR TR ) B rp A R E K
B R R R R I E L0FT R . AR
AR B A0 B B AR BR AR BE

XF EE PUAN IR BB B e v A, SRR TR e

R TIAMF R ERE S , T IAFSPSW-COBE T4
2 WA N BRSNS RERGE R SE RHRPUK AT 8, iR
1-SPSW-CO Ak 3 FEARIEL /DS . K- 338 2 A
J5i » 1 BB ER AR - IALE SPSW-BSHF T FE-F-2% . i
- SPSW-COAE TR BE L AR VRIS L , ARV LB A
AR, T RER L. X F SPSW-SO 5 ik
SPSW-BSO 13- 11 g il 5 HEALE R WO RL
PRI G R, T R

FIkN

Ell0 Bim%
Fig.10 Skeleton curves

2.3 M

R FH 38 i s s 4 AR SRR A, . AR
P BRI R AR ) RS R R,

R fESPSW-BSIE )% J7 [ i 7k R Hik 26.00) L,
W J5 A R U LORE 2 P B SR T TR A AR %
T REWRS MR, BRARRHE
P . IR SPSW-COZEFEFE TR BE LRI, ¥
YR R R R M . Kk SPSW-SO
SPSW-BSOT I i £ iy 15 HEZR A5 45 48 )R 52 1 £ 4F
TR, S BIRE J E 8 EOR TR, 8
IR W HERE R T K, Ttk R B XS BAIK . L,
Y CRAUETH IR AR B I R KR, TR B4
ST A RS 5REE W B R

Fz2 RWER
Tab.2 Test results

W m#EFmm PAN  Aymm  A/H  PuykN  Agmm  Ag/H PN A/mm  AJH  p=A,4,
SPSW.BS it 569.8 1741 1/184 724.8 58.25 1/55 616.1 104.62 1/31 6.0
$i 5884 1697 1/189 734.6 56.47 1/57 6244 109.14 1/29 6.4
it 476.5 1585 1/203 590.0 48.08 1/67 5015  63.74  1/50 4.0
SPSW-CO
i 476.6 1450 1/221 551.6 2437 1/132 480.6  80.23  1/40 5.5
HE 415.0 2047 1/157 516.5 60.30 1/53 439.0 80.09  1/40 3.9
SPSW-SO
i 403.1 1931 1/166 499.5 48.22 1/67 4245 8137 1/39 4.2
i 379.6  19.16  1/168 467.9 40.16 1/80 3977 6170 1/52 32
SPSW-BSO
i 3584 1644 1/195 4444 40.04 1/80  377.8 6033  1/53 3.7

H: HARR; POAEIRGTE A0 IR B RS 5 Proa BT 5 Ama R AR TR RIALES 5 PONBRBRATER 5 AR A5 B S0 BE (S

2.4 FERERE

WA FEAEAE ) P SRR W BB R Bh M . ¥
X (1) W5, gEsmpmEipR".

h :L_SABC—’_SCDA (1)
© 2m Sose + Sopr

K SusctScp R M IR R 5 SosetSopr A FH



688 o o# R R R ¥ il (ARRAR)

548 &

ZAIEMTER, RIS AR .

11 FUREHERARBE X
Fig.11 Definition of equivalent viscous damping
coefficients
FARLE B SRR H LR R B 12
0.200 0.36
0.160 |- e 0.3
0.24

0.120
®
=
0.080

<0.18
B - R
0040 “RRH 006 | 7 R

_ — ik
B 0

0.000

0 20 40 60 80 100 120 0 20 40 60 80
Almm A/mm

(b) SPSW-CO

(a) SPSW-BS

0.250 03
0.200
0.150

=
0.100

2 el T TRRER
0.050 | ZRE 0.05 ZRE
—w — ik
0.000 By 0

0 20 40 60 80 100 0 20 40 60 80
A/mm A/mm

(©) SPSW-SO (d) SPSW-BSO
12 FHHEHER R E,

Fig.12 Equivalent viscous damping coefficients /,

R SPSW-BSIK-P- i Bk B I AT, — ZENAR
HRFEREER L . RPAEUARIEE S, — BIBOERE
REZ W )R . RPN - ME TS SRR B
KRR, R e aITRE. R, HT
AT RIS B — BRI E TR, By TFHER
BEHBESR, — 2N RN, MR EFEE S . B
Wi, — ZEFEREEEAHSE, PRSI T
G RAET B B S PERE . AR SPSW-COZKF-af 3
IRFIEMERT, PIEFERRILF-AHSE. AK-Ff 80K 2 g
EE, MTHBEBISR™E, —BERE TR, ZERAL
B¥R, SB—EMHEES. - SPSW-SOF
SPSW-BSOREHH 554K 52 1] Y KR SE R T B0 43 AR
SRR TAE, BN BT RE. RERRAERR R e R
AR SPSW-SO i) — EFISPSW-BSOH— 2. A
B, KESPSW-SO, —EMAEARF—2, it
SPSW-BSO, —E#fERXT_2ZE.

AR SPSW-COREEN TR B AL , M V2 )5 b e
/N, SefE ARG T, DRI ] h e v, FERERE
Tyl . HoAts AR 98 )R LA AR,

MR S R TR AR, SRR R A mEk R, AR
EEE A PRI, Wi PR AR . A
SPSW-SO & SPSW-BSO # %t g M: g 18 T ik £
SPSW-BS.
2.5 RIEERK
HENBRIRERY BESS , X0 W B AL RS i 3 K
IBAG. KR BERT BRI RN, B4 K%
x (2) aE™.
_|+Bl+|-R|
i |+A,|+|—Ai|

Krb: +Ppn —PONSEIRPEIRIE S R 1] AR 1 385
A —ARSEIRPEIRIE R[] WA R X L P (28

R AR R B 13 s . AP JERET, BEH
AR, PRI R T AR, A% A Y R R R
. RPEIEAR S, BB AR HE A R R, HE
BURAR AT WK, T IR AR
BUREAT D, FARBEIRIR, HIGEMRELT,
TR D BE T R 18- 2%

A AFSPSW-BS 55 SPSW-SO— JZ JZ 1] Wi JE€ #f: ¢
KT 2R KPAT R EIEAERT, WAAMR LT
P32 BERAL B — B KPR BEE S, A
1 SPSW-BS — JZ Wl BE P AR B AR . i 4 ) 1913 A
SPSW-SO i Jz Wl BEIR AL il Ze AR B A . ik fF
SPSW-CORISPSW-BSOZE JiE R #iif 2% 5 — J2 W J&E K
T2, HERE R, WAIRAAEN R AL
S LE R AR GRS AL I 2, JEARALRS J, — R
INFZE, H—EN R R

160 160

2

140\ R 140 R
“J B
120 \ g 120 1y N

E[go \\\\ _*5100 \\

E 80 \ E g0

60 A
40
20
0

§ 60
40

20

0 20 40 60 80 100 12( 0 20 40
A/mm A/mm

(a) SPSW-BS (b) SPSW-CO

20 40 60 80 10 0 20 40
A/mm A/mm

(c) SPSW-SO (d) SPSW-BSO

E13 RIERIL
Fig.13 Stiffness degeneration

2.6 EHIIEWL
TE R —RIMER P S AEER Ak ER ) b R 5k



55 4

ek, S Ji B TREE L AESR N BT IR B 89 ) S PR A A 5T 689

PCEIHE I FEAR, AR IRAL AT R AR O FEAR R
HOAAE). AT (3) AL
P
==L
P;
Ko PN P RS SRR, S5 it LIRAEER
PR VEE AL A 2K
IR RS BB 145778 . AT AT,
IR AR BB M 0.848 , WA BN 7 )
BAERBEIRT0.95. FWIALFRBERILN, A2
RAGIRMITE LR . TR0 5 0 R AR A 4
X, JHIRREAE A i Ak T IR AL R BE R TR
TR AR A A

1.02

€)

4 j=1 =1

+/ =2 =2
0.98
-, 0.96
h 0.94
0.92

09 bL— v
-100-80 -60 -40 20 0 20 40 60 80 100

1
098

_ 096

e
0.94

100 -80 -60 -40 20 0 20 40 60 80 100
A/mm A/mm

(a) SPSW-BS (b) SPSW-CO

f,l f/]

0.98 =2
0.96
0.94
~°0.92
0.88

-100-80 -60 40 20 0 20 40 60 80 100 100-80 -60 -40 20 0 20 40 60 80 100
A/mm A/mm

(¢) SPSW-SO (d) SPSW-BSO

14 &R
Fig.14 Degeneration of bearing capacity

2.7 ZANIBFORIRLE 534

P SPSW-BS JK-F-Aif /TSR i h 1o ¢
I, BARIBRAL TP B AIRAS, SN BERR. K
SEALRSEO NI, A A AR R A, e AR 3
i, PR, BRI RN MPTR, R
BRI, PS4 TR, LI ERAR
IR KIS AR ERR T 5 AR 4 R B A SR,
e 1] ith 2 AR DA 3 Tl BRI R 4R . R LA
NG, AR R TR TR T,
AR A R AR AR B BN, KPR
PERS BB RIE AN . KPR BN I, HT 05
AR E AR FLAT R R IR ) AE B B
JE b SRR RE R T Ay, WEREOA R, [ N
TRAEE L AR R A sty . KPR B, B
FORBHER, PR AR Sk e, R
REAEB BRI, HZAR A BT TR S 8 i
WK, WEmIg 2R “S” A, FEABRBI WG 2. XM
SPSW-BS I 1t ZECFH4 6.20, FKBIT7 i REE

=2

HEZR A BRI AR S5 M) BAT R RS 1

AfF SPSW-CO & TR IR, HIARSE 1
3 B BBV AN DX IR S R, 5 XA T
HMBTERN, SRR it 5 AL R R A
SREAR S BE R EL BN, MRS, SWBRIRE A 3
TASTERL T R8s B4 e h i B A B A5
SFRUFERERE ) . RIH SIL SRR, AERHN
HRGHREIERIGUK AT E, — @R LRk T
AR T S B AR B 152k

iRk SPSW-SO il SPSW-BSO #4132 J WL 5k
T A AR I A0 . A 5 30 AR R AR S RBOA 5E
B, e BRI S A AR IR AERDR , BRI
REEFRIE T FIA . I, AT 50 RIEMHOR
F B s S PR 2 R I AT 0% Y i B R
BE, FFERARERATSEER. R, BTN S
GHRIPEIREENIR , SRR AR HE R K P D
HESURIER SN, HENSRILPERT BR, K-F
i B T HESRAS TR

3 45

AT T ZAA FIT R TE X8 5 04 TR B L HE
2R A BT I MR ARG IR AR 5 — A N R e A
SR BRI AR S AL i 10 ) A, BT
THAH AR LR TERE , BRI 4L

(1) FEEKRFARMERT, PR b B
MBS 3 R e 7e sy . WA R S &Y, AfF
ST . ARITIR AR A A S e e T
MRS IALE . AR PR, AR RAERARNGE
BERA

(2) v T30 Y A A 3 A5 R 0 2 R A 9 T2 L 4
NI, A -5 T AR R B A 2 i
i [0 T e G, L R S i e, ¥ [T o 0 i
i, RIS AL B FERERE ) R T RIT
T~ BT Be 9T R

(3) BRI I — R A2 B _E AR T 45 M B R 3
T, (B T AERERE ) . AR TR A T
WE THRERMMMN, BRSSP0k FaiE, K
B RN

(4) R 7o ZAFTHIR AR B PERE , AR I
PR EAE RS, I ORAE B A 2 A5 B
BE~ W B AR

SR

(17 Sk, #E4F). HIHEY ) 35 i & F 5 BOR B 52 0],
45 R, 2005, 20(77): 1-6.

References



690

3

O Bk ¥ % (ARRAR)

548 &

[10]

(1]

GUO Yanlin, DONG Quanli. Research and application of
steel plate shear wall in high-rise building[J]. Steel Con-
struction, 2005, 20(77): 1-6.
THORBUM L J, KULAK G L, MONTGOMERY C J.
Analysis of steel plate share walls[R]. Alberta, Canada:
University of Alberta, 1983.

Fle, K, BIRE SF UM AIRAREY SRR R
REAFERILFFE]. 6L FAER =2 (H AR
M), 2009, 41(1): 57-62.

LI Feng, LI Hui, LI Zhenmin, et al. Cyclic test of diago-
nally stiffened steel plate shear wall[J]. J. Xi'an Univ. of

Arch. & Tech.(Natural Science Edition), 2009, 41(1):
57-62.

AR AR BE LA MIM] dEal: B R,
2000.
HAN Linhai. Concrete-filled square steel tube

structurer[M]. Beijing: Science Press, 2000.
KAWAGUCHI J, MORINO S, SUGIMOTO T, et al.
Experimental study on structural characteristics of portal
frames consisting of square CFT columns[C]// Proceed-
ings of the Conference Composite Construction in Steel
and Concrete IV. Canada: American Society of Civil En-
gineers, 2002: 1503-1511.

ESeBk WERF, MR, 5. J5 R AR
FHAEAR IR AR AR IIFE]. BRI E, 2010,
31(8): 8-14.

WANG Xiantie, HAO Jiping, ZHOU Guangen, et al.
Experimental research on seismic behavior of con-
crete-filled square steel tube columns and steel beam
planar frames[J]. Journal of Building Structures, 2010,
31(8): 8-14.

TOKO H, CHIAKI M. Experimental study on steel shear
wall with slits[J]. Journal of Structural Engineering,
2003, 129(5): 586-595.

CHOI I R, PARK H G. Steel plate shear walls with vari-
ous infill plate designs[J]. Journal of Structural Engi-
neering, 2009, 135(7): 785-796.

SR, KTy, BEGEA, . BRI MR AE AL
WEE1]. BRI AHR, 2013, 34(1): 61-69.

NIE Jianguo, ZHU Li, FAN lJiansheng, et al. Experi-
mental research on seismic behavior of steel plate shear
walls[J]. Journal of Building Structure, 2013, 34(1):
61-69.

e, RSy, BEA, G RSN AR N R
MRS 43 AT]. SESFEE K2, 2013, 34(7): 79-88.
NIE Jianguo, ZHU Li, FAN Jiansheng, et al. Lateral force
resistant capacity of stiffened steel plate shear walls with
openings[J]. Journal of Building Structure, 2013, 34(7):
79-88.

K, TR, S RS 55 AL m N
BEAMMRII]. TR 2, 2013, 30(9): 200-210.

ZHU Li, NIE Jianguo, FAN Jiansheng. Lateral stiffness
of steel plate shear walls with openings[J]. Engineering

[12]

[13]

[19]

[20]

Mechanics, 2013, 30(9): 200-263.

e, EEL FlF, & JHRERRET 5T
R E i BRI ST )], HiR TR TR 4R 3, 2009,
29(2): 79-85.

HAO lJiping, CAO Chunhua, WANG yingchun, et al.
Test On thin steel plate shear wall with opening under
cyclic loading[J]. Journal of Earthquake Engineering and
Engineering Vibration, 2009, 29(2): 79-85.

Fle. SMARBY N BRI AR I IR 5 BB 5 [D]. 7Y
% PREFRHIR S, 2011,

LI Feng. Experimental and theoretical investigation to
earthquake resistant behavior of steel plate shear
walls[D]. Xi’an: Xi'an Univ. of Arch. & Tech., 2011.
AISC. Seismic provisions for structural steel buildings:
ANSI/AISC 341-10 [S]. Chicago, USA: American Insti-
tute of Steel Construction, 2010.

BOARMRS, PESCEE. IR AR S5 AR BT ) 4 8 1) e th
[J]. THFEJ12%, 2013, 3009): 1-9.

TONG Genshu, TAO Wendeng. Elastic shear buckling of
shear walls strengthened vertically by closed section
stiffeners[J]. Engineering Mechanics, 2013, 30(9): 1-9.
EoeBk, SRR, MEF, . BRI EL AR
MV EIEREZE]. TR 22, 2014, 31(8): 175-182.
WANG Xiantie, MA Yousufu, HAO Jiping, et al. Calcu-

lation methods for boundary elements in steel plate shear
walls[J]. Engineering Mechanics, 2014, 31(8): 175-182.
e N RS AR 5 Ak 2 B . SR IR A
f2: JGIT 101-2015[S]. Hbxg: w B &S Tolk i ik,
2015.

Ministry of housing and urban-rural development of the
People’s Republic of China. Specification for seismic test
of buildings: JGJ/T 101-2015[S]. Beijing: China Archi-
tecture & Building Press, 2015.

e, EHR. EARTREGHIARIM
SR Tl i e, 2006.

XIONG Zhongming, WANG Sheliang. Structure test of
civil engineering[M]. Beijing: China Architecture &
Building Press, 2006.

BRoRAd, x4 EREHIARM]. L AR
Hi kL, 1996.

YAO Zhengang, LIU Zuhua. Test of building struc-
ture[M]. Shanghai: Tongji University Press, 1996.
Eetk, HEF, EdE, & TNEREELER-+
FINSH RS S 8580 7 A HERERFAE)]. MR TR
TFEEZD, 2013, 33(2): 103-109.

WANG Xiantie, BAI Lianping, WANG Liankun, et al.
Study on mechanical behavior of concrete-filled square
steel tubular frame-cross-stiffened thin steel plate shear

walls[J]. Journal of Earthquake Engineering and Engi-
neering Vibration, 2013, 33(2): 103-109.

(% A%

CAeng: b E



